Abstract-Most of the existing data gathering strategies are based on the structure of stationary Sink in Wireless Sensor Networks, which will lead to rapidly energy consumption of sensor nodes near the sink for the reason that these nodes burden the data transmission from the whole network. This paper proposes a clustering-based routing algorithm in wireless sensor networks with mobile sink (CRA) to solve this kind of problem. In the CRA, sink node moves in a circle around the regional center and the circular area near this trajectory is set as buffer area, in which nodes are connected as backbone datalink. Data is transmitted to the annular buffer area and then reach the sink through the backbone datalink. This paper figures out the optimal location and size of the buffer area in order to minimize the average load of the nodes in the area. Furthermore, this paper proposes CRA-1, which improves the original algorithm by density controlling, for the purpose of balancing the energy consumption of the whole network.
INTRODUCTION
The main function of the node in wireless sensor networks is to monitor the surrounding environment, and send the data detected to the sink for further processing. In traditional wireless sensor networks, sink nodes are usually assumed being stationary, the data detected is gathered to sink nodes through multi-hop. The energy of the nodes around sink nodes will be depleted rapidly because of frequent data transmission, which known as the hot spots phenomenon. Uneven energy consumption greatly reduce the network overall performance, shorten the network life time and become the bottleneck of network performance [1] .
Some researchers propose a kind of method to solve hot spots phenomenon, such as, place a large number of nodes or the higher ability nodes around sink nodes, use relay nodes to share the load. This kind of method will prolong the network life time to a certain extent, but could not solve the problem fundamentally. Using a large number of nodes around sink nodes, the network cost will be increased and the hops of data transmission will be added [3] [4] .
Other researchers propose the method of multiple sink nodes. Using single sink node in wireless sensor networks, the ordinary sensor nodes are far away from the sink node and have to transfer data to the sink node by multi-hop. When the energy of the nodes around sink node is all run out, the data of the other sensor nodes cannot be transferred to sink node. For the purpose to prolong the network life time, the hops between the ordinary sensor nodes and the sink nodes should be reduced by using multiple sink nodes. The network with multiple sink nodes present the following characteristics: when a small amount of sink nodes are added, the average hops between ordinary nodes and sink nodes can be effectively reduce, then the network life time can be prolonged; when more sink nodes are added, the average hops can be reduce less, then the network life time can be prolonged less; when the number of sink nodes reach a certain number, the average hops are no longer reduced, then the network life time are no longer prolonged [2] . Unlike the small power consumption and low cost ordinary sensor nodes, sink nodes are high energy consumption and high cost. The network cost will be rising significantly as the number of sink nodes increase constantly.
Reference to the ideas of mobile Ad Hoc network and delay tolerant network, some researchers introduce the mobile elements into the wireless sensor networks. The paper [5] proposes a method to achieve load balance by using mobile sink. With the movement of the sink node, neighbor nodes around the sink node are constantly changing, and the load balance will be achieved. In the wireless sensor networks with mobile sink, the hot spots will change as the movement of the sink node, so as to balance energy consumption and prolong the network survival time. Compared with the traditional wireless sensor networks, the wireless sensor networks with mobile sink have the following significant advantages: 1. Based on close communication, it can effectively reduce the energy consumption of sensor nodes and improve the credibility of the sending and receiving data; 2. The mobile sink node has a strong ability of storage, communications and processing; 3. The cost of routing information will be reduced. 4 . The communication problems about the sparse network and the unconnected network can be solved effectively [1] .
A series of algorithms based on mobile sink nodes have been proposed recently. The paper [6] proposed a grid-based structure transmission model for wireless sensor networks. The whole network is divided into a number of virtual grids, and the request information sent by mobile sink is flooded only within the current grid where the mobile sink located. Source node receives the data and transfers it through the node nearest the grid intersection. The paper [7] proposed a clustering-based wireless sensor networks with mobile sink. In the network, cluster heads are the backbone nodes, which can forward the data of source node and register the location information of sink node. The paper [3] proposed the method to assist data transmission by using mobile base stations (for short: MADG). In MADG, the region, in which the base station moves, is set to the buffer area. Data is transferred to the buffer area along the shortest path and then collected by moving base station. It was proved that the total energy consumption of data transmission was the minimum when the distance between the buffer area and the center was 2 / 2 R . For the reason that the mobile station did not need to notify other nodes of its location, the load balance was achieved and the energy was saved. Because the data buffered in the sensor nodes need to wait for the arrival of moving base station, it will increase the network latency. According to the papers [3] [6] [7] , this paper proposes a clustering-based routing algorithm in Wireless Sensor Networks with mobile sink (CRA). The clustering topology is adopted in CRA, data is transmitted to the annular buffer area and then reach the sink through the backbone datalink. The network latency in CRA is reduced compared with the one in MADG.
II. DATA AGGREGATION ON NETWORK LAYER
Data-centric routing (DC routing) is that the intermediate nodes aggregate the data received from multiple data sources on the process of data forwarding according to its content then transmit it.
It is meaningful combining routing technology with data aggregation technology. Through the reasonable design of routing algorithm combined with the data aggregation strategy, the amount of data transmission and the network congestion in the process of data collection can be reduced; the life cycle of the network can be prolonged [39] .
Data aggregation diagram is shown in Fig. 1 . The data is collected by two source sensor nodes B and C then transmitted to the sensor node A, which aggregates the data collected by node B and C with its own data using some kind of aggregation strategy, and transfer it to the next node. The following is the data aggregation technology which is applied in the routing technology in the network layer:
A. Routing Based on Query
The data aggregation of directed diffusion [15] in the routing includes the aggregation of routing establishment stage and data sending stage; both of them are implemented by caching mechanism. For the duplicate data not being forwarded, the data forwarded need to be cached [41] . This method is not only simple but also effectively reduces the amount of data in the network when combined with routing technology.
B. Routing Based on Hierarchy
Using the method of clustering in Hierarchical routing, each cluster heads aggregate the data received and send the result to the gathering node. The typical methods are LEACH [16] and TEEN [17] . LEACH only emphasizes the importance of data aggregation, but not to give a concrete method of data aggregation. Through setting the threshold and caching mechanisms, TEEN reduces the unnecessary data transmission and the amount of data transmission.
C. Route Based on Chain
Connect the nodes in a network into a single chain and choose a node randomly as a leader. The leader makes a request to collect data to both ends of the chain, the data flow to the leader from two breakpoints of single chain [42] . The intermediate nodes make data fusion before transmission, at last the result will be sent to the gathering node from the leader node. 
III. CLASSIFICATION OF MOBILE SINK MODEL
Based on the present research situation, the mobile sink node model can be classified into three categories: random motion, controllable motion and fixed motion [1] [45]. Random motion usually does not need any real-time network information and its direction is uncertain. So it has the advantage of accessing to all the nodes with equal probability. But it may result in frequent disconnection and reconstruction of wireless communication link for the reason of motion direction is uncertain. The trajectory determination of controllable motion sink depends on network real time status. Its mobile strategy can be controlled to make balance between network life time and data transmission delay. The design of this kind of algorithm is very complicated work. The fixed motion sink moves along a fixed trajectory and a large number of sensor nodes randomly distribute around the fixed trajectory. In this kind of networks, the communication time is limited because of sink node moving along a fixed trajectory, and the system data acquisition capabilities are constrained. It is an important system evaluation index how to use limited energy to collect more data in such networks [46] . The paper [47] presented an improved Minimum Weighted Sum First (MWSF) algorithm. In this algorithm, the shortest distance between sensor nodes is found by using A* algorithm, and the next sensor node to be accessed is chose by MWSF.
The paper [46] proposed a data collection scheme called maximum amount shortest path (MASP) to optimize the mapping between members and sub-sinks. MASP is formulated as an integer linear programming problem which is solved by a genetic algorithm. A communication protocol is designed to implement MASP, which is also applicable in sensor networks with low density and multiple sinks.
The paper [48] proposed a novel algorithm MSDG (Mobile Sink-based Data Gathering), which based on mobile sink data gathering does not depend on the location of nodes. Sink node builds the routing tree along the nearest fixed node as root node. At the same time, the sensed data in cluster node carry on data fusion calculation through the cluster, thus the data fusion is flanked by trees to send to Sink node in reverse-by-jump.
In the paper [49] , a path-controlled traversal model for mobile sink data collection was constructed, and a data collection algorithm for mobile sink based on optimalpath traveling was proposed. The algorithm discretized the continuous path problem by local Voronoi grid, used the amount of data collected and system energy consumption as performance metric, combined taboo search algorithm to achieve the maximum amount of data collected and the minimum of network energy consumption traversing.
In the paper [50] , a mechanism, static and mobile sink nodes coexist in a sensor network, was proposed. All the sensor nodes maintain information of routing to the static sinks. Mobile sink nodes broadcast location update information to adjacent sensor nodes periodically. Sensor nodes send or forward data packets to the nearest sink or mobile sink node with minimum hop counts.
In this paper, the algorithm proposed is based on fixed motion sink.
IV. ALGORITHM DESCRIPTION

A. Algorithm Assuming
In this algorithm, based on the actual application in wireless sensor networks, the following assumption about network conditions is made: 1. Sensor nodes in the network are stationary, sink node has infinite energy; 2. The launch and sensing radius of sensor nodes are certain; 3. The status of sensor nodes are equal, they all have the function of sending, sensing and forwarding data, and also have the ability to be a cluster head for data fusion; 4. Ignore the competition and broadcasting delay of the radio channel, assume that the information sent by any node can be received by its neighbor nodes at the same time; 5.The nodes are distributed uniformly with average probability in the network area.
B. Algorithm Description
CRA consists of three parts: 1. Cluster inside the buffer area; 2. Cluster outside the buffer area; 3. Data transmission. The clustering algorithm proposed in the paper [8] is used in this paper, for the reason that it has some characters, such as cluster heads are distributed uniformly and the algorithm is simple, it is very suitable for CRA.
Cluster inside the buffer area. In the initial stage, the node status of the whole network is undetermined. Sink node moves around a specified circle, and wake up nodes by sending packets with the r radius of transmission power. Network topology is constructed according to the specified clustering algorithm. After having moved a circle, the topology within the buffer area is structured completely. The size of the buffer area can be controlled by the one of transmission power radius.
Cluster outside the buffer area. When the cluster inside the buffer area is finished, the clustering topology will be structured throughout the entire network by using the same clustering algorithm.
Data transmission. Data transmission includes two cases: data transmission outside buffer area and data transmission inside buffer area. The data outside the buffer area is transferred into the buffer area according to the path of the clustering topology. The data inside the buffer area will be forwarded to the sink along with the same direction of sink moving or the opposite one. In buffer area, the following method is used to determine the direction of data forwarding. Assume that a node is waked up by sink at time T, the moving speed of sink is V, the perimeter is 2 LR   , data arrives at the node at
, forward to the opposite direction of sink moving. It is easily to prove that the data transmission distance is not more than 1 2 L .
V. ALGORITHM ANALYSIS
Assume that the number of the sensor nodes is N, all nodes are distributed uniformly and randomly in density λ in the circular network area with radius R. As shown in Fig. 1 : the dashed line is the trajectory of sink moving, the ring where the sink is located is buffer area, the radius of the network area is R, the radius of the sink moving area is L, the radius of the buffer area is r, the communication radius between nodes is r s , S1 area is outside of the buffer area, S2 area is in the buffer area. So the problem is how to determine the value of L and r in order to achieve maximum network lifetime, which is defined as the time of the first node death. The data generated by the entire network will be forwarded through the buffer area, as a result, the buffer area has the largest load in the network. Therefore, the network lifetime of buffer area is equal to the one of entire network. Assume that the load of buffer area is load , the problem can be described in following mathematical expressions:
Minimize ( , ) load L r Constraints: L, r In addition, all nodes in buffer area must have the opportunity to communicate directly with sink node at some point, and a formula can be deduced:
Assume that the number of backbone nodes in buffer area is K, the values of L and r to minimize the formula:
is the one to maximize the network lifetime.
Assume that the number of backbone nodes in buffer area is K, the data in buffer area is forwarded to the sink through multiple hops by backbone nodes. Because of the uniform random distribution of nodes and the uniform random occurrence of sensory events, the hop of data inside buffer area can be considered uniformly distributed, the average hop count for each data are . The data inside buffer area is the one generated by entire network, so the amount of data forwarded through buffer area are
, and the energy consumption of buffer area are
The average hop count for each data is 1 2 K  , so the total energy consumption is
, and the average load of the nodes in buffer area is
The clustering algorithm used in CRA has the characteristic that the number of cluster heads is relatively stable. We find the average value of K based on different combinations of L and r through a large number of simulation experiments, which are shown in table 1. In the buffer area will be disconnected when r is less than 30, the value of K, r and L are directly proportional, and the result is optimal in the case of L = 200, r = 50. VI. IMPROVED ALGORITHM CRA-1
In CRA, the nodes are subject to uniform random distribution, therefore, the death nodes will appear inevitably in buffer area. Using the density controlling in the above algorithm, the density of nodes in buffer area will be increased, the network lifetime will be prolonged, and the network load balancing will be achieved. How to calculate the density of nodes in buffer area is the focus of this improved algorithm.
All nodes energy in area S1 is expressed by 1 s E , all nodes energy in area S2 is expressed by 2 s E , all nodes energy in buffer area is expressed by l E . Assume that the nodes density in area S1 and S2 are both  , the nodes density in buffer area is l  , the initial energy of each nodes is E. The nodes density in buffer area need to be increased to make equation (1) established. . Under the same conditions used in previous section, using the nodes density controlling, the values of K are recalculated, which are shown in Table 2 .
Comparing Table 2 and Table 1 , it can be concluded: In the case of density increasing, the number of backbone nodes in buffer area change little, but the connectivity of buffer area become better. Even the value of K is very small, the network still connects.
VII. SIMULATION AND ANALYSIS
The simulation is done under the following conditions: nodes density is 1 500
 
, the launch radius is 50 s r  , the network radius is R=250, the initial energy is E=2. Using the same clustering algorithm, we compare the results under four conditions: stationary sink, randomly moving sink, CRA and CRA-1, which are shown in following two figures. It can be drawn from the figure: the emergence of death node in stationary sink is the earliest because of cavity effect, the first node death time is extended in the case of randomly moving sink and CRA, and the CRA is better, the emergence of death node in CRA-1 is the most late as the result of the increased nodes density. 6 is the 4 models comparison chart of energy consumption under the same conditions, in which abscissa represents operation round and ordinate represents the network total energy consumption. It can be drawn from the figure: the network energy consumption is the minimum in the case of stationary sink, the energy consumption of the network is the maximum in the case of randomly moving sink, and the network energy consumption in CRA and CRA-1 are similar. Comparing to the stationary sink, the mobile sink can balance the load and increase the network lifetime, but the price is the longer paths of data transmission, and data transmission path is the longest in the case of randomly moving sink [10] [11] .
VIII. CONCLUSION
This paper proposes a clustering-based topology routing algorithm for Wireless Sensor Networks with mobile sink, which improves on the method proposed in the paper [3] and solves the issue of network latency, and also proposes CRA-1 based on density controlling. Experimental result shows that the network lifetime is prolonged about 500% compared with stationary sink and the network lifetime is prolonged about 200% compared with randomly moving sink. The energy consumption in CRA-1 is less than the energy consumption in randomly moving sink.
Since the clustering topology is used in this algorithm, and the location of buffer area is related with the clustering algorithm, the result may change a lot when different clustering algorithm used. Therefore, how to design a clustering algorithm for CRA and CRA-1 to make the results optimal is the future work [12] .
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